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Su m ma r y 
This repor t dee,l s wi tIl t he effect of siilall variations in 
ordinates speaif ied by different l aboratories for the same air-
foil section. This s tudy was made i n connection with a more gen-
eral investigation of t he effect of small irregularities of the 
ai r f oil surfac e on tlle a erodynar,1ic characteristics of an air-
foil. The test s wer e co nducted i n the Variable Density Wind 
Tunnel of the Nat io i.1al Advisory COlm',li ttee for Aeronautics upon 
two :;nodels of the G8 tt i ngen 387 ail' foil secti on and two symmet-
ri cal airfoil r.1odel s havi ng comparable shapes, the l~.A.O.A . 0021 
and the ~.A.C . A. 100. 
These test s show t hat small changes in airfoil contours, 
re sulting from variations i n the specified ordinates. have a 
sufficiently large effect upon the airfoil characteristics to 
justi fy the taking of great care in the specification of ordi-
nates f or the cons t ructi on of models.· 
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I n t r od u c t i on 
It is well known that the ordinates specified by one labor-
atory f or a given wing s ection may vary somewhat from those 
specified by another laboratory. Lit t le direct inforwation is 
available to show just what ef fect a modification of the profile 
has upon the aerodynamic characteristics of an airfoi l . A var-
i ation in specified ordinates may be attr i buted to several 
causes. UnleEB "excessi ve care is used , an airfoil cannot be con-
structed exactly as specified. The me asured ordinates are usu-
ally published and will not, therefore, correspond to those 
from which the ai r foil was made. Often deliberate small changes 
are introduced by refair1ng the original surface curves or by 
slight ~,1odifications of the profile 0 Also, it may be impossi-
b l e to ob t a in exactly the original ordinates. 
rne most common me thod used to detect the differences b e-
tween airfoil profiles is to compare the fai r ness of the curves 
draWl1 through the ordinat es plotted to en arged scales . A 
superior r,lethod of judgi ng fairness i s to examL1e the curves 
of the first and second derivatives of the prof i le. An approxi -
mate method of obtaining this is to take f i r st and second dif-
ferences "be t ween the ordinates of equal y spaced stati ons. 
Since t~e radi us of curvature of any curve depends upon the 
first and second derivatives , the f airness of the firot aDd 
s econd difference curves will i ndic ate the fa irne s s of the 
surface . 
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Thi s r epor t covers an investigation of the effect of small 
changes in ai r f oil contours resulting from variations in tnc 
specified ordinates, and is published in connecti on with a more 
gener al investigation on t he aerodynamic effects of small irreg-
ul ari ties of airfoil surfac es. Later reports will give the ef-
fe c t s of fab ric sag, abrupt breaks near the leading edge caused 
by the presence of a pl~vood nose, end general surface roughness. 
The present investi gation was made in the Variable Density 
Wi nd 'I'tli:nel at the Langley Memori al Aeronautical Laboratory on 
two ai rfoi l s of t he Gqttingen 387 secti on, and on bro symmet-
ri cal a i rfoils having compar ab l e shapes, namely, the N.A.C.A. 
0021 and the N.A. C.A. 100. The G8 ttingen airfoils were con-
structed from differ ent sc ts of specified ordinates and ere 
desi~"11ated in t his r eport as the G8 ttingen 387-G and the G8ttin-
gen 387 . The two sYTllEletrical mode l s v/ere included because the 
differences in ordi nate s specify i ng the two sections · approximate 
the difference s often encounter ed i n specified ordinates for 
the srune sec tion. 
Apparatus and Tests 
A desc r ip tion of t he Vcri ab l e Density Wind Tunnel, in which 
these test s wer e per fo r P.l.ed , and a discussion of tile principles 
upon whi ch its oper at ion i s ba sed, are given in Reference 1. 
Thi s descripti on, however , appl ies to the tunnel in its original 
fo r m. Al though fundaEle~1tally the same, the pI'esent tU11~1el dif-
fe I' s fI'om the oI'igi nal in the t~pe of entI'~nce cone and return 
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passage, and in some minor respects. 
The airfoil models were all 5 by 30 inches; the tw·o G~ttin­
gen 387 models were made of duralumin and the other ·two of mahog-
any . Usual force tests were l11ade at an approximate Reynolds 
Number of 3.4 x lOs. 
Results and Discussion 
The geometric charac t eristics of the airfoils are illus-
tra ted by the profile plots . Figure 1 gives the profile of the 
G8ttingen 387-G, constructed from the G~ttingen laboratory ordi-
nates (Reference 2), compared with the G~ttingen 387 profi le, as 
constructed from the ordinates given in the N.A.C.A. Technical 
Report No. 124 (RefeTence 3). The full profiles are plot t ed to 
an enlarged vertical scale, whereas the nose and tail ar e plot-
ted to a large natural scale. The specified and measured ordi-
na tes are given in Tabl e I. Measureri1ents were made to an accu-
racy of +0 . 0005 inch. 
First and gecond differences were taken between the measured 
ordinates at each 5 per cent station for the two G~ttingen mod-
els. The results are plotted in Figure 2, and illustrate the 
fairness of the surfaces. The dotted curves represent the deriv-
atives of a fair surface from which, by working back, the ordi-
nates may be obtained. This has been done and the results given 
in Table I under the heading IIGgttingen 387 - Faired. 1I Figure 3 
is a plot similar to Figure 2, showing the difference curves for 
four sets of ~pecified ordinates for the Ggttingen 387 (Refer-
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ence s 2 to 5, inclusive). In t his case, the differences were 
taken fo r each 10 per cent stat ion. 
5 
A compari son between the a erodynamic characteristics of the 
two ai rfoil s is given i n Figures 4 and 5. Figure 4 gives the 
lift and drag coef ficients, LID r ati o, and center of pressuxe, 
plotted against the angle of a t tack, for a wing of aspect ratio 
6 in free air . Figure 5 gives plots of the profile drag coeffi-
c ient , angle of attack , and moment coefficient about the quarter 
chord , against the li f t coeffici ent, for a wing of infinite as-
pec t rat i o. These curve s show t he Gg ttingen 387-G to have 4.5 
per cent lower maximum lift , 8. 0 per cent lower minimum profile 
drag, and 3 . 5 per cent hi gher maxi mum LID, than the Ggttingen 
387. There is l i ttle difference i n the moment or center of 
pressure charac teris ti cs f or t he two sections. The accuracy of 
the resul ts is indicated by the check points shown on the curve 
sheets. 
Similar plot s of the geome tric and aerodynai:li c charactel~is­
ti cs of the N.A.C .A. 0021 and the N.A .C.A. 100 are given in Fig-
ures 6 to 9, incluE.ive . These curves show the ILA . C.A. 0021 to 
hav e 9. 4 per cent 1.igher maximum lift, the S81ile minimum. profile 
drag, and 2.3 per cen t higher maximurn LID, then the lLA.C.A. 
100. 
6 
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TABLE I. Ordinates of A~rfoil Sections 
(All dimensions given in per cent of chord) 
G 8 t t i n g C 11 387 
7 
ElCasured specified 
upper lower upper lower 
3.61 3.61 
6.74 1.42 6.74 1.35 
7.98 .84 7.98 .81 
9.88 .38 9.87 .36 
11.30 .18 11.32 .18 
12.38 .10 12.40 .13 
13.82 .00 13.83 .00 
14.78 .06 14.77 .08 
15.24 .14 
15.38 .20 15.36 .22 
15.26 .26 
14.88 .34 14.88 .38 
14.28 .40 
13.52 .49 13.48 .54 
12.62 .49 
11.62 .49 11.59 .54 
10.46 .48 
9.22 .48 9.16 .54 
7.94 .48 
6.60 .44 6.58 .50 
5.16 .36 
3.62 .24 3.61 .27 
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TABLE I. Ordinates of Airfoil Sections (Cont.) 
(All dimensions given in per cent of chord) 
Ggttingen 387-G G8ttingen 387 
- . 
measured specified fai r ed 
upper lower upper lower upper lowe.r 
3.20 3.20 3.36 3.36 
6.38 1. 54 6.25 1. 50 
7.68 1.08 7.65 1. 05 
9.54 .56 9.50 .55 9.63 .56 
10.90 .28 10. 85 .25 
11.98 .12 11. 95 . 10 12.15 .12 
13.46 . 00 13.40 .00 13.64 .00 
14.44 .02 14.40 .00 14.61 .02 
14.96 .10 15. 16 .10 
15.10 .20 15 05 .20 15.36 .19 
15.00 .30 15.26 .28 
14.66 .38 14.60 .40 14.90 .36 
14.14 .42 14.32 .42 
13.42 .46 13.35 .45 13.55 .46 
12.50 . 48 12.62 .48 
11.44 .48 11.35 .50 11.56 .48 
10.26 .48 10. 39 ·.46 
8.98 .46 8.90 .45 9.13 .42 
7.62 .40 7.80 .37 
6.20 .34 6.15 .30 6.41 .31 
4 .. 74 .26 4.97 .24 
3.28 .18 3.25 .15 3.49 .16 
1.78 .08 1.75 .05 1.98 .08 
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TABLE I. Ordinates of Airfoil Sections (Cont.) 
(All dimensions given in per cent of chord) 
N.A.C.A. 0021 ILA.C.A. 100 
measured specified measured specified 
upper lower upper lower upper lower upper lower 
0 0 0 0 
3.30 3.04 3.32 3.32 2.94 3 .20 3.16 3.16 
4.60 4.34 4.57 4.57 4.26 4.40 4 . 52 4.52 
6 . 24 6.08 6.22 6. ~~2 6. 02 6. J.:; 6 . 25 6.25 
7.36 7.28 7.35 7.35 7.22 7.32 7.38 7.38 
8 .14 8.16 8.20 8.20 8.14 8.20 8.24 8.24 
9 . 30 9.28 9.35 9.35 9.30 9.&0 9.45 9.45 
9.94 9.90 10.04 10.04 10.04 10.02 10.17 10.17 
10 . 26 10.26 10.40 10.40 10.40 10.38 
10 . 36 10.36 10.50 10.50 10.48 10.46 10.50 10.50 
10 .28 10.30 10.41 10.41 10.40 10.34 
10.00 10.08 10.16 10.16 10.16 10.08 10.23 10.23 
9.60 9.74 9.77 9.77 9.80 9.72 
9 . 10 9.26 9.27 9.27 9.30 9.14 9.44 9.44 
8 . 50 8.68 8.68 8.68 8.78 8.66 
7.84 7.98 7.99 7.99 8.10 7.98 8.21 8.21 
7.12 7.20 7.23 7.23 7.32 7 . 20 
6.28 6.38 6.41 6.41 6.44 6 . 38 6.59 6.59 
5.44 5.50 5. 53 5.53 5.52 5.48 
4 . 50 4 .54 4.59 4.59 4.52 4,50 4.68 4.68 
3.52 3.54 3.59 3.59 3.48 3.48 
2.46 2.52 2 .53 2.53 2.40 2.38 2.52 2 . 52 
1.34 1. 46 1.41 1.41 1.22 1.28 1.34 1.34 













































Percent of chord. 
85 
L_L_I 
./ "\-- X--.... 










...--- ------!J, ><:) ~ V '\~ 
_ / VI< K "'\- Go~ti tngeln 2 87 "\~, 
90 95 




-~)- ~- No ~e 
-f-
v/V ,,3 
""'"" ~+ t-Go~ti 1[:;en 2 87 - G \~x b-_~ h 1 ;/ -/ ! I ~ ~ -~ i--fj:;i 
----













-----K t-- ___ 
1_ Ta 1, r\\ l-----
----
I 
x I-----r-- -x \( \1\ t---~ t--_ 
-----
r=:-: ~x------ \ 
t---r-, b,;,. Cl1 prcl li 18 -
" 
~~ 
-x_ ::-:--- ~ L 1 I ~ ;.., ~ - ~F=-
-R'.!_ 
""- c---- - ~=-=.: 
1 I I T I i i I I i 
0 10 20 30 40 50 60 70 80 90 100 
Percent of chord. 
5 10 15 20 25 






















































































\~  \ 
\\ 







... :~ I 
"~~c)nd (eri'ativ~ of sha e cnve fH) 
_  '~_~-<+" I fran faiired p I c rve) Ix-~x~ I 


































'-~ __ " Fil st ~eri' athe of shate Cl rve '-J::>'<X---_ ____ ':., 




-"->--0-- :±1 i ! 
- -I-- - - - Jl- -
_J.______________1___ ___ __ I _ 
10 20 30 40 50 60 




- Jj - --~-- - -~ - l1 ~ 
-- -- ----S(-- -S(- --):i-
..l L I __ ----.L ____ 
-2 ;J. 
100 en 70 80 90 




* \ 9 ) 8 































\ "-~l~ ~~.~ 
, 
~\ , './: -~ 1\\""- - fll 3 
'\ '~" f~  \ ,,' ' ~~ \, /' I 2 
" 
+y ----...:::t -rt~ -' ~ -~1 ~ ~'N 1 ~, 'x/ ~ r-------
'" 
~ 
~~ 0 L.KJ17 I- fl 
10 20 30 
Shape derivatives for 
~ "~~ 
---.:: - ~;~~ 
~ ~ .. 
~~:. .~-
- ........ ~ 
. 
....- r=-=f-
40 50 60 70 80 90 
Percont of chord 























t •• , ., 














N.~.C.A. Tac~nical Note No . 361 Fig . 4 
Fig. 4 
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